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Previous research has found that poor readers performed a visual search task more slowly than 
good readers, but that this difference was virtually eliminated by blurring of the search array. 
Whereas blurring had little effect on the performance of the good readers, it led to a dramatic 
improvement in the search rate of the poor readers. The present study set out to replicate this 
research with groups of 10-12 yr old disabled and average readers but with methodological 
improvements in the procedure and the analysis. It was found that the disabled readers performed 
the search task as well as the average readers, and that blurring of the display conferred no 
advantage on either group. The results are discussed in relation to the transient deficit theory of 
reading disability. Copyright ©1996 Elsevier Science Ltd. 
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INTRODUCTION 
A basic tenet of clinical practice over the centuries has 
been that it is important to have the visual image clearly 
focused on the retina. Duke-Elder (1970) for example, 
notes that it "is obvious that sharp images of external 
objects must be formed upon the retina if these are to be 
clearly seen" (p. 42). However, this orthodoxy is 
challenged by the results of a study by Williams et al., 
(1987), showing that for poor readers the reverse may be 
true. Employing a visual search task as a model of 
reading, Williams et al. (1987) compared the search rates 
of good and poor readers. They found that poor readers, 
who also were poor at performing the visual search task, 
improved ramatically when the display was blurred, and 
searched almost as fast as good readers. This finding, if 
robust, is of such fundamental importance that we 
thought it worthwhile to replicate it as a preliminary to 
establishing the boundary conditions under which it 
occurs. 
Williams et al. used the visual search task described by 
Neisser (1967). Briefly, a target item is embedded in a 
block of text, and the subject is instructed to search from 
the top of the array towards the bottom, and indicate as 
soon as the target is detected. Response time is taken to 
be the time required to search from the top of the list to 
the location of the target, and search rate is calculated 
from the slope of the line relating response time to the 
position of the target item within the list. Williams et al. 
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compared the performance of three groups of subjects: 
adults, and good and poor readers of 8-10 yr of age. 
Search rates of the adults and the good readers were 
similar, but the poor readers were much slower. 
However, the position was dramatically changed when 
the search array was blurred by placing a piece of frosted 
acetate .in front of it, effectively reducing the contrast of 
high spatial frequencies in the display. Under these 
conditions, the search rate of the poor readers improved 
virtually to that of the adults and the good readers, whose 
performance was unaffected by the image blurring. 
Two aspects of Williams and colleague's study were of 
concern to us. First, their analysis was based only on 
group data, and there was no indication available of 
whether subjects had followed instructions. It is well 
known that group average performances may be typical 
of no individual within the group (Estes, 1956), and so a 
regular elationship of group mean search time against 
position of the target within the list cannot be taken to 
imply that the individual subjects are behaving according 
to instructions. Thus, it is possible that different subjects 
employed ifferent search strategies in performing the 
task, and systematic differences in strategy between 
groups or between conditions would prejudice conclu- 
sions based on search rate. For example, suppose the poor 
readers, for whatever reason, tended to employ an erratic 
search strategy in the unblurred condition, but adopted a
systematic search when the display became blurred. The 
results would then say nothing about search rates, but 
result entirely from differences in strategy. The possi- 
bility of differences in eye movements during search is 
supported by the work of Pavlidis (1991), showing 
differences in eye movements between dyslexic and 
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normal groups, although there is controversy on this point 
(Olson et al., 1991). 
Also of concern in the Williams et al. study was the 
failure to ensure, when a subject claimed to find a target, 
that the target had indeed been detected. There were no 
"blank" trials, on which no target was presented, to 
assess the rate of false reports of detection, nor was there 
an attempt to ensure that the subject knew the location of 
the target in the array. It would appear possible that some 
subjects, in some conditions, might act impulsively and 
signal finding a target before actually doing so. The 
possibility of differential incidence of guessing again 
makes it difficult to interpret the results in terms of search 
rates. 
In the present study, we attempted to replicate the 
findings of Williams et al. (1987), following their 
procedure as closely as possible, but incorporating some 
improvements in order to alleviate these concerns. We 
required subjects on each trial to demonstrate that they 
had found the target, we monitored subjects' eye 
movements and provided feedback during practice to 
ensure that they were following the systematic search 
strategy required by the instructions, and we checked the 
search strategy by analyzing individual data to ensure 
that search times were a systematic function of position 
of the target within the array. 
METHOD 
Subjects 
Twenty 8-10 yr old boys, 10 reading disabled and 10 
average readers, were recruited from schools in the Perth 
metropolitan aiea. The reading disabled subjects were 
selected on criteria similar to those of Stanley and Hall 
(1973). These criteria stipulate average or better 
intelligence, no gross behavioral problems, no organic 
disorders, and at least normal visual acuity. The 
suggested reading lag criterion of 2.5 yr was not used 
as it is too restrictive at this age level; however, all 
subjects had a reading accuracy score at least 17 months 
below their chronological age as assessed by the Neale 
Analysis of Reading Abilities--Revised (Neale, 1988). 
This criterion was more stringent han that employed by 
Williams et al. (1987), who used subjects at least 1 yr 
below grade level. The mean reading lag of the reading 
disabled subjects was 20 months, with a standard 
deviation of 4 months. All subjects were also assessed 
on the WISC-R and full-scale intelligence scores 
calculated. The mean of the reading disabled group was 
102.9 (s = 11.5), and the average readers 108.5 (s = 9.3). 
The reading disabled subjects ranged in age from 8:0 to 
10:6 (mean 9:5), and the average readers from 8:3 to 
9: 8 (mean 8 : 9). 
Apparatus 
Stimuli were presented on the Super VGA monitor of a 
PC. The search array was made up of 16 rows of six 
letters, centered on the screen and subtending a visual 
angle of 4 x 16 deg at a viewing distance of 46 cm. Each 
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FIGURE 1. The percentage of contrast transmitted by the filter used to 
blur the stimulus display, as a function of spatial frequency. 
letter was 7 pixels square, and measured 2.74mm 
horizontally × 6.46 mm vertically. Letters were sepa- 
rated by 5 pixels horizontally and vertically. The target 
letter was a Z, embedded in a randomly selected array of 
the letters E, I, M, V, X, and W, and occurring randomly 
in one of 60 positions within the array. Target locations in 
the leftmost and rightmost columns, and in the bottom 
row were excluded, as targets in these positions were too 
conspicuous and encouraged the use of unsystematic 
scanning strategies. For conditions in which the image 
was to be blurred, a simple device was constructed. A
piece of frosted acetate measuring 18 × 8cm was 
embedded in a flexible plastic frame that was moulded 
to follow the curve of the display screen and secured to 
the screen with double-sided tape, positioned so that the 
acetate covered the letter array. The transmission 
characteristics of this material were measured by 
securing it at the same distance from the screen of a 
Tektronix 608 monitor and measuring the contrast 
reduction of precisely plotted sine wave gratings with 
spatial frequencies of 0.5, 1.0, 2.9, and 5.0 c/deg. The 
results, plotted in Fig. 1, show that the contrast reduction 
achieved was somewhat greater than that reported by 
Williams et al. (1987). 
Procedure 
Subjects were individually tested, in a well-lit experi- 
mental room, sitting at a viewing distance 46 cm in front 
of the display screen. They were instructed that on each 
trial they were to search the stimulus array from top to 
bottom until they found the letter Z. As soon as they 
found it, they were to press the "fire" button on a joy- 
stick. The instructions emphasized the importance of 
responding as quickly as possible while being sure the 
target had been located. As soon as the button was 
pressed, the letter array disappeared from the screen and 
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an array of circles appeared in its place. When this 
happened, the subject was required (without any time 
pressure) to use the joy-stick to move a cross-hair cursor 
to the circle occupying the position where the target had 
been presented, and press the button again. A locational 
response was allowed as correct if the subject indicated a
circle within one position in any direction from the 
location of the target. Pilot work had established that on 
trials on which subjects had clearly located the target, 
they often had difficulty in specifying the position 
exactly. Consequently, a relaxation of a requirement for 
total accuracy was necessary to prevent false conclusions 
that the subject had not found the target, while still 
guarding sufficiently against guessing. Distinctive sounds 
produced through the computer's speaker gave feedback 
as to the correctness of the response. The few trials on 
which subjects made errors were discarded and immedi- 
ately replaced. 
The experimenter began by demonstrating the task in 
the unblurred condition, then gave the subject 20 practice 
trials to become accustomed to the task. The practice 
period also allowed the experimenter to monitor the 
subject's eye movements oensure that the top-to-bottom 
scan instruction was being followed. In cases in which the 
subject failed to follow the specified scan, the experi- 
menter provided feedback. Pilot work had established 
that deliberate violations of the instructions by an 
experimenter playing the part of the subject were reliably 
detected by the experimenter observing. Following 
practice, the subject completed 20 correct experimental 
trials. The screen was then blurred with the frosted 
acetate, and a further sequence of practice and experi- 
mental trials was completed in this condition• 
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FIGURE 2. Search times for sharp (O, dotted regression li es) and 
blurred (O, solid regression li es) for average and disabled readers. 
RESULTS 
Each of the 20 subjects produced 20 correct experi- 
mental trials in each of the sharp and blurred image 
conditions. Each subject's data were initially examined 
by inspection of scatter-plots of the relationship between 
position of the target within the search array (rows 1-15) 
and response latency. This initial inspection revealed the 
presence of some bivariate outliers that were easily 
interpreted. These were cases in which the subject had 
searched the array and failed to find the target, and had 
repeated the search until finding it. Such cases were not of 
interest, since they were not indicative of the subject's 
search rate. They were statistically screened using SPSS 
Regression, and cases with values >3 SDs from regres- 
sion were excluded from subsequent analysis (Tabach- 
nick & Fidell, 1983). The maximum number of scores 
excluded from any subject's data was one, and there was 
a total of eight removed from each of the two groups. 
Performance of the two groups as a whole was then 
examined, for compatibility with Williams et al. (1987). 
For each group, mean search time for each position 
within the array was calculated across all subjects in both 
sharp and blurred conditions, and mean search time 
regressed on position• Figure 2 shows the resulting 
scatterplots, with associated regression lines. Visual 
inspection of Fig. 2 suggests little difference either 
between groups or between conditions. In particular, 
there is no sign that the reading disabled subjects' search 
rate is improved by blurring of the display• 
To examine the data more closely, each subject's 
search time was regressed against position within the 
search array, and the slope and intercept of the regression 
line were calculated for each subject in each condition. 
The slope is of major interest, since it reflects the search 
rate, and was subjected to a two-way analysis of variance 
(Group x Condition, with repeated measures on Condi- 
tion). This analysis showed no main effect of either 
Group (F1A8 = 0.048), or Condition (F1,18 = 3.159), nor 
the interaction (F1,18 = 1.454). For completeness, we 
analyzed the intercepts in the same way, finding no main 
effect of Group (FIA8 = 1.347), nor a Group x Condition 
interaction (F1,18 = 0.550); however, there was a main 
effect of Condition (F1,18 = 5.498, P < 0.05), indicating 
that blurring the search array caused a general slowing of 
responses in both groups, without affecting the rate of 
search• 
It was noted that, despite the efforts of the experi- 
menter to ensure that all subjects followed instructions 
and scanned from top to bottom of the letter array, there 
was variability in the consistency of subjects. Whereas 
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for some subjects the data points clustered tightly around 
the regression line relating search time to array position, 
for other subjects the regression fit was less convincing. 
Of the 40 individual regressions, 20 had an associated 
correlation coefficient of >0.7, while 10 had a value of 
<0.4. We thought it possible that some subjects had not 
followed the instructions well, and had thereby con- 
tributed error to the results. To counter this possibility, 
we selected the five subjects from each group who 
exhibited the best fit to the regression line, thus reducing 
our sample size to that employed by Williams et al. These 
subjects had average correlations of 0.91 (disabled 
readers) and 0.83 (average readers). We then analyzed 
the search rates of these 10 subjects. The results howed 
once again there was no main effect of Group 
(FI,s = 1.423), nor of Condition (F1,8=0.470), and 
neither was there an interaction (FI,s = 0.361). 
We conducted one further analysis to attempt to 
reproduce the results of Williams et aL (1987). Since the 
subjects in our study had completed 20 practice trials to 
familiarize them with the task, it was thought that perhaps 
the results described by Williams et al. were specific to 
the early stages of practice. Accordingly, we analyzed the 
practice trials for each individual using the same process 
as for the experimental trials. A two-way analysis of 
variance was conducted on the gradients of the linear 
regression of search time on position for the practice 
trials. This analysis revealed no main effect of Group 
(F I , lS  = 0.757), or of Condition (F I ,18 = 0.676), or inter- 
action (Fl,ls=0.199). Thus, there is no evidence that 
groups may differ, or that blurring of the display may be 
particularly efficacious, early in practice. 
DISCUSSION 
This experiment had two main outcomes: there was no 
difference between reading disabled and control subjects 
on the visual search task; and neither reading disabled 
subjects nor normal readers derived an advantage from 
blurring the array. 
Williams et al. (1987) claimed that the visual search 
task "closely approximates reading operations" (p. 369), 
and reported data showing that, when the display was 
sharp, poor readers had search rates about half the rates of 
good readers. By contrast, in the present study, reading 
disabled subjects performed equally as well as normal 
readers, casting doubt on the adequacy of the visual 
search task as a model of reading. We know, by actual 
measurement, that the reading disabled subjects in our 
study had reading ages at least 17 months below 
chronological age, and the normal readers had reading 
ages at least as high as their chronological ages. If the 
visual search task really does serve as a model for 
reading, some differences in performance as a function of 
reading ability should have been found. 
Why would a strong experimental effect found by 
Williams et al. not appear at all in our data, in an 
experiment designed to be comparable? We can offer 
several suggestions, each of which detracts from the 
generality of the previous finding. First, there was a 
difference in subject selection procedures in the two 
studies. The subjects in the present study were generally 
poorer readers than in Williams and colleague's tudy. 
Our reading disabled readers were less proficient (at least 
17 months' lag vs at least 12 months'), and so were our 
control subjects (0-8 months advanced vs at!least 12 
months advanced). It is possible, then, that the between- 
group difference of Williams et al. is due to a superiority 
of their control (good) readers, rather than to a deficiency 
in their disabled readers. If this is so, the finding is rather 
less interesting than the claim of a specific pathology in 
poor readers, which is ameliorated by blurring of the 
display. 
It- is also possible that Williams and colleague's 
difference between good and poor readers was due to 
one of the factors that we tried to eliminate from our 
study, that is, guessing on the part of some subjects. It 
was noted above that Williams et aL gave no indication 
of requiring their subjects to demonstrate hat they had 
actually found the target letter. It may be that the poor 
readers expected to do poorly on the search task and 
searched carefully and accurately, whereas the good 
readers acrificed accuracy for speed. We may conjecture 
that the poor readers then changed strategy when the 
display was blurred, although there is no way of knowing 
this. What we do know is that, in the present study, when 
subjects were required to prove that they had actually 
found the target, there were no differences between the 
two groups. It was also clear that guessing was controlled 
in the present study, since only 39 trials out of 800 
(slightly less than 5%) had to be replaced because the 
subject was unable to nominate the location of the target. 
A further difference between the two studies was that 
Williams et al. employed two types of display, a difficult 
one on which we modelled our own, in which the target Z 
was embedded in characters tructurally similar to the 
target (E, W, V, M, I, X), and an easy one in which the 
background characters were structurally dissimilar (O, D, 
U, G, C, R). Trials using the two display types were 
randomly intermixed. The use of the easy display may 
have encouraged the adoption of a strategy emphasizing 
speed at the expense of accuracy in trials with both types 
of display, exacerbating the guessing problem suggested 
above. 
Finally, it should be noted that the low-pass filter used 
in the present study was somewhat more effective than 
that employed by Williams et al. in attenuating the higher 
spatial frequencies of the stimulus array, in cutting off 
frequencies above about 6 c/deg. We would have thought 
this would have favoured the hypothesis that image 
blurring would improve the search performance of 
disabled readers by conferring a larger advantage on 
the transient system, as discussed below. 
The results of the present study bear upon the 
"transient deficit" explanation of specific reading 
disability (SRD). This theory was introduced by Slaghuis 
and Lovegrove (1984), building on the work of 
Breitmeyer (1980), who called attention to the conceptual 
distinction between the transient and sustained systems of 
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vision and their importance for reading. The transient 
system is made up of neurons that respond quickly and 
briefly to the onset of a stimulus, whereas the sustained 
system is made up of neurons that respond slowly, but 
continue to respond while the stimulus remains present. 
According to Slaghuis and Lovegrove, SRD is due to a 
weakness in the transient system, and a consequent 
failure of the transient system to inhibit the ongoing 
responding of the sustained system. Visual images 
consequently persist for a longer time than appropriate, 
and a kind of visual clutter esults, with the contents of 
one fixation in reading spilling over into the next. 
Evidence for the transient deficit theory of SRD has 
been accumulated (see Lovegrove et aL, 1986), using 
several psychophysical tasks. These include differences 
between disabled and normal readers in the relationship 
between measures of visible persistence and the spatial 
frequency of the inducing stimulus; in contrast sensitivity 
at low spatial frequencies; and in sensitivity to flicker. 
Each of these differences i interpretable in terms of a 
weakness of the transient system in disabled readers. In 
addition, physiological evidence has been provided by 
Livingstone t al. (1991) and by Lehmkuhle t al. (1993) 
showing differences in evoked potentials between 
disabled and control readers. 
A second mechanism by which a transient system 
deficit might lead to poor reading was suggested by 
Williams et al. (1987) to account for their visual search 
data. According to this account, he transient system is a 
"fast-acting early warning system that extracts large 
amounts of global information" (p. 371). The sustained 
system, which responds more slowly, is responsible for 
local (detail) information, and it is assumed that its 
operation is dependent on the output of the transient 
system. A sluggish transient system, as possessed by poor 
readers, fails to prepare the way adequately for the 
operation of the sustained system. On this view, blurring 
the image diminishes or slows the response of the sus- 
tained system, restoring the proper temporal relationship 
between the sluggish transient response and the deliber- 
ately slowed sustained response. Image blurring thus 
provides disabled readers with an advantage compared to 
viewing conditions featuring a sharply focused image. 
The results of the present study clearly bear on the 
second version of the transient deficit heory, not the first. 
We find that disabled readers earch an array for a target 
letter just as well as able readers, and that blurring of the 
search array affords them no advantage, ven though the 
blurring provided in the present study was greater than in 
the previous tudy. The result is clearly at odds with the 
explanation devised by Williams et al. (1987) to account 
for their visual search results. However, it is not 
immediately apparent how the original transient deficit 
theory (Lovegrove t al., 1986) would deal with either set 
of results. Under this theory, it would perhaps not be 
surprising that poor readers would perform badly at a 
visual search task, although only to the extent hat the 
search task provided agood model for reading. The effect 
of image blurring reported by Williams et al. is less easily 
handled. Blurring of the image would presumably reduce 
the sustained response to one fixation, making it easier 
for the reading disabled subject's weak transient system 
to inhibit its persistence; but at the same time the 
sustained response to the succeeding fixation would be 
reduced, making it less visible. The net effect would 
likely be an overall oss of detail in each fixation, making 
an overall gain on the part of the reading disabled subject 
a dubious proposition. 
In summary, we find that when we employ careful 
experimental controls, reading disabled subjects perform 
a visual search task as well as able readers; and contrary 
to the findings of Williams et al. (1987), blurring of the 
visual image confers no advantage to the disabled 
readers. Although our results are inconsistent with the 
explanation advanced by Williams et al. (1987), they do 
not deny the original version of the transient deficit ex- 
planation of reading disability (Lovegrove t al., 1986). 
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